Objectives Knowledge of region-specific factors affecting the cardiovascular health (CVH) is mandatory to reduce the growing burden of stroke and ischemic heart disease in rural areas of Latin American. We conducted a population-based case-control study to assess the CVH status of Atahualpa residents-a rural village representative of Coastal Ecuador-according to their living arrangements. Methods All Atahualpa residents aged C40 years and free of stroke or ischemic heart disease that lived alone were identified during a door-to-door census, and their CVH status was compared to that of a sample of residents that lived with relatives. Four controls individually matched for age, gender, education, job and alcohol intake, and randomly selected from different households, were selected for each case-person. Results A total of 185 persons (37 who lived alone and 148 matched controls) were included. A poor CVH status was found in 89.2 % case-patients and 72.3 % controls (p = 0.03). We found significantly worse levels of physical activity (p \ 0.0001) and non-significant trends for worse healthy diet and glucose levels among case-persons than controls. Conclusions This study suggests that social isolation is associated with a worse CVH in rural coastal Ecuador. An ongoing community-based intervention may prove effective to improve CVH status in these social isolated persons.
Introduction
It has been suggested that loneliness, or absence of social support, is associated with an increased prevalence of cardiovascular risk factors and a higher incidence of vascular outcomes and deaths [1] [2] [3] [4] . Most studies addressing this association have been conducted in urban centers of industrialized nations, where living conditions and habits are totally different from those in rural areas of the developing world. The latter are going through a process called ''epidemiologic transition'', where life expectancy increases and cardiovascular risk factors become more prevalent due to increased life expectancy and changes in the lifestyle of the population [5] . Accurate assessment of cardiovascular risk factors in these regions is mandatory to reduce the burden of stroke and ischemic heart disease, and must be based on local studies evaluating specific risk factors, rather than in the extrapolation of data from studies performed in the developed world. Regional epidemiologic surveys may prove highly cost-effective for developing strategies directed to improve the cardiovascular status of a given population or ethnic group [6] . We performed a cross-sectional, case-control study hypothesizing that living arrangements are associated with differences in the cardiovascular health (CVH) status of an adult population of natives/mestizos living in rural coastal Ecuador.
Methods
The Atahualpa Project (Clinical Trials.gov identifier NCT01627600) is a multi-step, population-based study primarily designed to evaluate the presence of cardiovascular risk factors and to determine the prevalence and incidence of stroke and ischemic heart disease in rural coastal Ecuador. Atahualpa (2818 0 S, 80846 0 W) was selected as it is highly representative of the villages of the region. More than 95 % of the population belongs to the Ecuadorian native/mestizo ethnic groups, and their diet is rich in fish and carbohydrates but poor in beef, polyunsaturated fats and dairy products; there are no fast-food restaurants in the village, and most people eat at home. Most men belong to the blue-collar class, and most women are housewives. Inhabitants mobilize within the village mostly by walking or bicycle riding, as few people own a motor vehicle.
The methodology of the Atahualpa Project has been described in detail elsewhere [7] . The IRB of HospitalClínica Kennedy (FWA 00006867) approved the protocol and the informed consent form that had to be signed by persons before entering the study. Then, trained field personnel performed a door-to-door survey to detect all Atahualpa residents and to apply questionnaires designed to evaluate the CVH status of people aged C40 years who were free of stroke and ischemic heart disease [8] . We used CVH metrics proposed by the American Heart Association ( Table 1 ). All these persons were also screened for the presence of stroke and ischemic heart disease in a threephase survey [9] . DuringPhase I, suspected cases were detected by rural doctors with the use of validated field questionnaires [10, 11] . In Phase II, certified neurologists and cardiologists moved to Atahualpa to evaluate persons who screened as suspected cases, as well as two randomly selected negative individuals matched by age and gender for each positive case; such evaluation also included a 12-lead ECG performed in the field. Neurologists and cardiologists were blinded as to whether persons were suspected positive cases or negative individuals. Stroke was diagnosed in patients who had experienced a rapidly developing event characterized by clinical signs of focal or global disturbance of cerebral function, lasting more than 24 h, with no apparent cause other than vascular, and ischemic heart disease was diagnosed by clinical judgment and ECG findings. In Phase III, patients with a confirmed stroke and ischemic heart disease were invited to undergo further examination, including brain MRI, MRA of intracranial vessels, transthoracic echocardiogram, Doppler examination of extracranial arteries, and a treadmill test.
The initial census yielded 2478 residents, of whom 642 were aged C40 years. Of these, 26 were excluded for a diagnosis of stroke or ischemic heart disease. In a total of 616 stroke-and ischemic heart disease-free individuals, 37 (6 %) lived alone and the remaining 579 lived with their spouses, siblings or other relatives. Persons who lived alone were older (mean age, 65.6 ± 13.1 vs 58.3 ± 12.3 years) and were more often men (46.0 vs 40.2 %) than those who lived with relatives.
For the purposes of the present study, persons were classified according to their living arrangements, and those who lived alone were selected as case-persons. Four controls individually matched for age, gender, education, job, and alcohol intake were selected for each case-person among the 579 individuals who lived with relatives. The controls were randomly selected from 148 different households to reduce the risk of unmeasured confounders. CVH metrics and status were compared across case-persons and controls. All the 37 case-persons had been living alone for at least 1 year before the census. 
Results
The study evaluated 37 case-persons and 148 matched controls ( Table 2) . The former represented all Atahualpa residents free of stroke or ischemic heart disease who lived alone, and the controls represented the 25.6 % of a total of 579 persons who had been living with relatives during the year before the census. As case-persons and controls were properly matched, there were no differences in sociodemographic parameters across the two groups. There was a marginally significant increase in the odds for having a poor CVH status between case-persons and controls (OR: 3.16, 95 % CI 1.05-9.48; p = 0.03) as well as in the mean number of CVH metrics in the poor range per person between case-persons and controls (1.5 ± 0.9 vs 1.2 ± 1, p = 0.04). With the exception of a poor level of physical activity, which was more common among case-persons than controls (13.5 vs 6.1 %, p \ 0.0001), there were no significant differences in the percentage of persons with the other six CVH metrics in the poor range among case-persons and controls. It must be noted, however, the finding of non-significant trends for poor healthy diet (8.1 vs 2 %, p = 0.06) and poor fasting glucose levels (48.6 vs 33.2 %, p = 0.08) among case-persons and controls.
Discussion
As recently stressed, few concepts in epidemiology have been more difficult to define than the measurement of loneliness [4] . Indeed, it has been noted that loneliness does not necessarily means ''living alone'', but the feelings and perceptions of a given individual on the lack of social support in times of stress, illness, or particular needs [12] . While some investigators have used the concept of ''living alone'' as a proxy for absence of social support [1] , other have chosen the concept of ''social isolation'', that is, lack of friendship networks [2] . For this study, we chose the former since in rural communities it is most likely that the family-and not friends-take care for the particular needs of a given person. Irrespective of these considerations, it is likely that the real or perceived absence of social support contacts induces depression and reduces the person's options for an adequate nutrition, proper mobility, and medication compliance; all these factors have been associated with worse health outcomes [13] .
In this study, we found a modest adverse effect of living alone on the CVH status and on some CVH metrics (physical activity, health diet, and glucose levels), which is understandable in the light of the living habits of this subset of persons and the lack of family support. We did not find differences in blood pressure control or in other CVH metrics. This could be related to the small number of casepersons, a fact that may represent a potential weakness of this study. The major strength of this analysis, however, is that it is based on a community cohort, including all persons who lived alone in the village and a representative sample (25 %) of people who live with relatives. Another potentially perceived limitation of this study is that we did not investigate the presence of comorbid mental disorders that may be associated with a poor CVH status across case-persons and controls. It is possible that persons lived alone as they have lost their abilities to be social engaged, or they have been isolated due to social stigma, which is rather common in the rural areas of developing countries [14] . However, we also matched our cases and controls by job, so the percentage of unoccupied persons (which could be associated with mental illness) was similar across both groups (29.7 vs 25 %, p = 0.557).
In conclusion, results from the present survey are in accord with those reported in other studies and reinforce the concept that social isolation may be detrimental to human health, not only in urban centers but also at the rural level. What is not known, however, is whether a specific intervention could be of particular value in this subset of persons. During the study years of the Atahualpa Project, we will apply an intervention program called ''know your numbers'', by which people who voluntarily seek our Community Center will be instructed on how to improve their CVH status and will be periodically visited at their homes to track on their efforts on reducing risk factors [15] . By the end of the study, it will be possible to evaluate whether such simple intervention benefited mostly those persons living alone than those living with relatives as, according to our aim, the former will feel the support of people interested in their health status.
